Progress in research on initiation of folliculogenesis has progressed slowly because of a lack of markers for early folliculogenesis. The rabbit zona pellucida protein (ZP1) is synthesized in follicles during early stages of folliculogenesis. In order to establish ZP1 as a marker for initiation of folliculogenesis, in situ hybridization was used to localize ZP1 mRNA in immature follicles. ZP1 mRNA was first detected in oocytes of some but not all primordial follicles. The primordial follicles expressing ZP1 mRNA were located at the cortico-medullary junction, indicating that they were newly activated follicles. ZP1 mRNA accumulated in oocytes of intermediate, primary, and secondary follicles. In contrast, ZP1 mRNA was first detectable in granulosa cells of intermediate follicles and is present in cuboidal granulosa cells of primary and early secondary follicles, but was undetectable in granulosa cells of more mature follicles. These data demonstrate that 1) ZP1 mRNA is expressed in both oocytes and granulosa cells, 2) ZP1 mRNA is initially expressed in oocytes of activated follicles, and 3) ZP1 mRNA is transiently expressed in granulosa cells during early stages of folliculogenesis. Therefore, rabbit ZP1 is a molecular marker that can be used in future studies to measure initiation of folliculogenesis.
INTRODUCTION
The mammalian zona pellucida (ZP) consists of three to four major glycoproteins that surround oocytes during folliculogenesis and help mediate sperm binding [1] . Although the established functional importance of the ZP is associated with the mature egg, the synthesis and assembly of this matrix occurs during the initial stages of folliculogenesis. Because of this temporal association with initiation of folliculogenesis, control of ZP protein expression may be linked to mechanisms of early follicular development. As initial steps toward elucidating the regulatory mechanisms that are responsible for controlling expression of ZP genes, numerous cDNAs from different species have been cloned and studied [1] [2] [3] . Although much has been learned about the structure and function of several ZP proteins, the molecular mechanism that is responsible for coordinating the expression of ZP genes with early stages of folliculogenesis remains elusive.
Through the course of ZP cloning and investigation, numerous systems of nomenclature have arisen [1] [2] [3] [4] . In this 1 This work was supported in part by NIH Grant HD34457. study we use the system that was established in mice to refer to the three major ZP genes found in rabbit [1] [2] [3] [4] [5] [6] [7] . Recently, the mouse ZP1 sequence was reported [3] as the orthologue (51% similarity) to the rabbit 55-kDa ZP protein that was previously cloned by Schwoebel et al. [8] . The degree of similarity varies for the major ZP genes that have been cloned from mouse and rabbit ovaries as well as other species.
Although the cellular source of ZP proteins in mice is limited to oocytes, the source of these proteins in other species has long been controversial. Both oocytes and granulosa cells have been proposed as potential sites of ZP synthesis in humans, rabbits, and pigs [9] [10] [11] . Previously, it was demonstrated that ZP1 protein in rabbits is localized in both granulosa cells and oocytes of growing follicles in a pattern that is consistent with its expression during early folliculogenesis [10] . Furthermore, primary cultures of granulosa cells from sexually immature rabbits expressed both protein and mRNA in vitro [10] . The in vivo site of synthesis remained undetermined, however, because ZP proteins could be synthesized in both oocytes and granulosa cells or synthesized in one cell type and transported to the other. Whereas the expression of ZP1 in cultured granulosa cells is compelling evidence that these cells contribute to the synthesis of the ZP in rabbits, those results did not address expression in vivo.
The rabbit is an ideal animal system in which to characterize expression of ZP1 in immature preantral follicles because a majority of development and maturation of the ovary occurs primarily after birth. Oogenesis is initiated and completed during the first 2 wk of neonatal life and primordial follicles form and initiate growth during this same period [12] . Two-week-old rabbit ovaries contain a large population of immature primordial follicles, while 4-, 6-, and 8-wk-old ovaries contain follicles at progressively more mature stages of early development [10, 13] . Because there is little interstitial tissue in ovaries at these early developmental stages, total ovarian RNA can be collected and the level of follicular ZP1 mRNA can be measured. Therefore, rabbit gonads can be easily evaluated during the onset of folliculogenesis in the first cohort of follicles to develop.
This study was conducted to determine whether rabbit ZP1 is specifically expressed in differentiating granulosa cells and oocytes of follicles during activation of folliculogenesis. In situ hybridization and immunohistochemistry were used to determine the spatio-temporal pattern of ZP1 mRNA and protein in prepubertal ovaries when the first cohort of follicles is initiating follicular development. Northern blot analysis was used to measure levels of ZP1 mRNA in prepubertal ovaries during early stages of development. Because of their delayed pattern of ovarian development, prepubertal rabbits were used to demonstrate that the initial wave of folliculogenesis and rise in expression of ZP1 occur simultaneously.
MATERIALS AND METHODS

Materials
Prepubertal and adult female New Zealand White rabbits were purchased from Myrtle's Rabbitry, Thompson Station, TN. All studies were conducted in accordance with the National Institutes of Health Guidelines for the Care and Use of Laboratory Animals, as reviewed and approved by the Animal Care and Use Committee at Texas Tech University Health Sciences Center. Bluescript II plasmid was purchased from Stratagene (La Jolla, CA). Taq polymerase, restriction enzymes, T3 and T7 RNA polymerase, and RNase inhibitor were purchased from Promega (Madison, WI). X-Ray film, [␣-32 P]uridine triphosphate (UTP) (Ͼ3000 Ci/mmol), [␣- 35 S]UTP (Ͼ1000 Ci/ mmol), and [␥-32 P]deoxycytidine triphosphate (dCTP) (Ͼ3000 Ci/mmol) were purchased from Amersham (Arlington Heights, IL). Proteinase K and RNase-free DNase I were purchased from Boehringer-Mannheim (Indianapolis, IN). NTB-2 photographic emulsion and D19 developer were purchased from Eastman Kodak Co. (New Haven, CT). All general and molecular biology-grade chemicals were purchased from Fisher (Pittsburgh, PA).
Isolation of Total RNA from Ovaries
Ovaries were collected from prepubertal rabbits at 14, 28, 42, and 56 days postpartum (dpp) and RNA was isolated as previously described by Lee and Dunbar [10] . RNA was then isolated, precipitated with isopropanol, and resuspended in diethylpyrocarbonate (DEPC) H 2 O. For procedures involving RNA, solutions and glassware were autoclaved or, when possible, treated with 0.1% DEPC, or both.
Reverse Transcription-Polymerase Chain Reaction of ZP1 Fragment A 1.4-kilobase (kb) fragment of ZP1 was generated by reverse transcription-polymerase chain reaction (RT-PCR) and subcloned into pBSII. The primers were designed according to the rabbit sequence previously described by Schwoebel et al. [8] . Briefly, the upstream primer (GCTGTCGACCTGAGACTCCTACTGATCC) contains nucleotides 103-123 and the downstream primer (GCGAAGCTTTGATGAAGATCCCAGAAAGGC) contains the reverse complement of nucleotides 1573-1594. Primers were designed with restriction sites on each end (SalI for the upstream primer and HindIII for the downstream primer) and subcloned into pBSII. Total RNA from 42-dpp rabbit ovaries was reverse transcribed with Superscript reverse transcriptase (Life Technologies, Grand Island, NY). The RT reaction was stopped by heating at 70ЊC for 10 min, RNA was digested by RNase H, and samples were stored at Ϫ20ЊC.
PCR was conducted in a total volume of 50 l with an MJ Research PT100 (Watertown, MA). Each reaction contained 2 l of RT reaction, 50 pmole of each primer, 5 l of 10ϫ PCR buffer, 1 l of 10 mM dNTPs, 2-5 units of Taq DNA polymerase, and H 2 O to 50 l. The mixture was heated at 94ЊC for 4 min and amplified for 40 cycles; 94ЊC for 1 min, 45ЊC for 1 min, and 72ЊC for 2 min. The final cycle included 10 min at 72ЊC for complete strand extension. The 1.4-kb ZP1 cDNA fragment generated by RT-PCR was subcloned into the Bluescript II SK plasmid and plasmid DNA was prepared from a single clone and sequenced to confirm identity [7] .
Synthesis of Radiolabeled Riboprobes
The 1.4-kb ZP1 cDNA was positioned between the HindIII and SacII restriction sites and linearized plasmids were used to generate riboprobes. Transcripts synthesized with T3 RNA polymerase were anti-sense for ZP1 and transcripts synthesized with T7 RNA polymerase were sense. The plasmid template (1 g) was added to a polymerase reaction mix containing 50 mM NaCl; 40 mM Tris-HCl (pH 7.5); 6 mM MgCl 2 ; 10 mM dithiothreitol; 40 mM spermidine; 0.5 mM each of ATP, cytidine triphosphate, and GTP; 50 Ci of [␣- 32 
Tissue Collection and Preparation
Ovaries were collected from prepubertal rabbits (14, 28, 42 , and 56 dpp; three or more animals per age group) and fixed in 4% paraformaldehyde in PBS overnight. Tissues were dehydrated in a graded series of ethanol, cleared in xylene, and embedded in Paraplast Plus (Sherwood Medical Labs, St. Louis, MO). Serial sections were cut at 5 m and placed on Superfrost/Plus slides (Fisher, Pittsburgh, PA). Slides were dried overnight at 37ЊC, placed in desiccated boxes, and stored at 4ЊC until used for immunohistochemical localization of the ZP1 protein and in situ hybridization of ZP1 mRNA.
In Situ Hybridization
Tissue sections were prepared for in situ hybridization using the procedure described by Lee et al. [14] . Slides were treated with Proteinase-K, 0.25% acetic anhydride in 0.1 M triethanolamine to reduce nonspecific binding, dehydrated in ethanol, and air-dried. Slides were prehybridized at room temperature for 2-4 h and hybridized overnight at 50ЊC with ZP1 [ 35 S]-riboprobes (specific activity 2-3 cpm/ng) at a concentration of 1 ϫ 10 7 cpm/ml in hybridization mixture. The slides were washed once in 50% formamide at 50ЊC for 30 min, followed by a 30-min room temperature wash with 0.5ϫ sodium chloride sodium citrate (SSC). After RNase treatment to remove unbound riboprobes and a final wash in 0.1ϫ SSC at 65ЊC for 2 h, slides were dehydrated, dipped in emulsion NTB-2:distilled water (1:1) for 3 sec, and dried for 2 h. Slides were then placed in a light-tight box and exposed for 1 to 3 wk (4ЊC). Slides were developed with D19 developer, counterstained with Mayers hematoxylin (Sigma Chemical Company, St. Louis, MO), and coverslips placed over them. Results were analyzed with lightfield and darkfield microscopy on an Olympus BX50 microscope equipped with a 35-mm camera. Controls consisted of adjacent sections hybridized with sense riboprobes.
Immunohistochemistry
Paraffin wax sections of ovaries were probed with anti-ZP1 (1:500 dilution in PBS buffer containing 10% BSA) as previously described by Lee and Dunbar [10] . Tissues were counterstained with hematoxylin and examined on an Olympus BX50 microscope. Controls consisted of serum from guinea pigs that had been immunized with complete Freund's adjuvant alone [10] .
Northern Blot Analysis
Total RNA (10 g) from rabbit ovaries was evaluated by Northern blot analysis as previously described for rabbit ZP2 [7] . After hybridization, membranes were exposed to x-ray film at Ϫ80ЊC for 5-7 days and developed through an Xomatic automatic film processor. The Northern blot analysis experiments were repeated with three samples of RNA from different animals and densitometric analysis was used to quantify the level of ZP1 expression.
Northern Blot Analysis of EF-1␣
A 1.7-kb cDNA fragment of EF-1␣ was radiolabeled with [ 32 P]dCTP using random priming with the Oligolabeling Kit from Pharmacia (Pharmacia LKB, Uppsala, Sweden) and used to reprobe Northern blots to determine consistency of loading and transfer [15] . EF-1␣ is a constitutively expressed protein that is necessary for elongation during protein synthesis [15] . The RNA blots were hybridized with the cDNA probe using the protocols described by Lee and Dunbar [10] . The blots were exposed for 7-14 days on x-ray film at Ϫ80ЊC.
Quantification of Northern Blots
The relative intensities of ZP1 and EF-1␣ mRNA autoradiograms were quantified with the Bio-Image Visage 2000 computer-assisted image analysis system (Genomic Solutions, Inc., Ann Arbor, MI) using whole-band analysis software. Levels of ZP1 mRNA were normalized to EF-1␣ and this ratio was graphed relative to peak levels in 42-dpp ovaries.
Counting Follicles in Histological Sections after In Situ Hybridization
A light photomicroscope with a gridded eyepiece calibrated to a stage micrometer was used to count follicles in histological sections of ovarian tissue [16] . A dissector frame (466 ϫ 466 m) was superimposed on a section of ovary extending from the ovarian surface epithelium toward the medullary region. Five frames were counted for ovaries from each age. A primordial follicle was defined as an oocyte surrounded by a single layer of squamous granulosa cells. If more than half of the granulosa cells were cuboidal, the follicle was considered to be growing and was not counted as a primordial follicle. Primary follicles were defined as those having single layers of granulosa cells, secondary follicles as having more than 1 layer of cuboidal granulosa cells, and tertiary follicles as having antral spaces present [10] . Only follicles with a nucleolus in the oocyte were counted and follicles that touched the bottom or left border were excluded. The percentage of different-stage growing follicles present in ovaries from each age was graphed to demonstrate the correlation of ZP1 expression with the first ''wave'' of developing follicles.
Statisical Analysis
Means and SEM were calculated for numerical values. Statistical differences between groups were determined by least squares of the means analysis [17] . In all comparisons, probability values that were Ͻ0.05 were considered statistically significant.
RESULTS
In Situ Hybridization of ZP1 mRNA in Developing Rabbit Ovaries
To determine whether expression of rabbit ZP1 mRNA is solely the result of transcription in oocytes or if it involves the differentiating granulosa cells, ZP1 riboprobes were synthesized and used for in situ hybridization. Northern blot analysis demonstrated specificity of ZP1 antisense riboprobes, which hybridized to the 1.9-kb ZP1 mRNA, while sense riboprobes did not hybridize to RNA that was found in total RNA samples from rabbit ovaries (Fig. 1) . In situ hybridization demonstrated that 14-dpp ovaries contained a large population of primordial follicles, a majority of which are negative for ZP1 protein and mRNA (Fig. 2 , A-C). Some primordial follicles contained oocytes that were positively labeled for ZP1 protein and mRNA. Figure  2 (E-G) illustrates that ZP1 protein and mRNA were abundant in oocytes of primary follicles and detectable in the differentiated cuboidal granulosa cells of primary follicles. In addition, intermediate primordial follicles were present in this section and the granulosa cells at this early transitional stage of initiation of folliculogenesis were positive for ZP1 protein and mRNA. At 42 dpp, ZP1 protein and mRNA were expressed in the primary follicles and in oocytes and granulosa cells of early secondary follicles (Fig.  2, I-K) . Some primordial follicles were positive for mRNA and protein at 28 and 42 dpp. In tertiary follicles, ZP1 mRNA was absent in the granulosa cells and the level of expression was significantly reduced in oocytes of maturing follicles (Fig. 2, M-O) . The mature ZP was present and labeled heavily for protein, whereas less intense labeling was detectable in the oocyte and adjacent granulosa cells. ZP1 mRNA was undetectable in granulosa cells and detectable but weak in oocytes of mature preovulatory follicles from 19-wk-old rabbits (data not shown). Similarly, ZP1 mRNA in adult rabbit ovaries was undetectable in primordial follicles but abundant in growing follicles. In summary, ZP1 protein and mRNA are first expressed in oocytes of activated primordial follicles that have initiated follicular development and are transiently expressed in the differentiating granulosa cells of the primary and early secondary follicles.
To further demonstrate that expression of ZP1 was associated with activation of primordial follicles, 28-dpp ovaries were evaluated because they contained the first cohort of developing follicles during the initial stages of folliculogenesis. In the cortex of ovaries from 28-dpp animals, ZP1 mRNA was detectable in many of the primordial and primary follicles closest to the medullary region of the ovary, whereas transcripts were undetectable in the outer cortical follicles (Fig. 3, A and B) .
To demonstrate that expression of ZP1 in granulosa cells was associated with the transition from primordial to primary follicles, sections of ovaries were evaluated for the presence of intermediate follicles (Fig. 3, C and D) . Intermediate follicles were defined by the presence of both squamous and cuboidal granulosa cells. Cuboidal granulosa cells of these intermediate follicles contained significant labeling with silver grains for ZP1 mRNA.
To demonstrate that labeling in cuboidal granulosa cells of primary follicles was specific, silver grains were counted over a defined area (625 m 2 ) of granulosa cells or interstitial cells (Fig. 4) . The number of silver grains over gran- ulosa cells was five times greater than that over interstitial cells. Serial sections of primary follicles were evaluated to verify that labeling in granulosa cells was specific and not a result of signal-scatter from the abundant amount of ZP1 mRNA in oocytes. Tangential sections through the single layer of granulosa cells, but not including the oocyte, contained labeling for ZP1 in granulosa cells (Fig. 5A ). An adjacent section stained with hematoxylin and eosin (H/E) demonstrated the morphology and developmental stage of these follicles (Fig. 5B) .
Northern Blot Analysis of ZP1 in Total RNA from Developing Rabbit Ovaries Total ovarian RNA was isolated from ovaries collected throughout the early stages of rabbit ovarian development (14, 28, 42 , and 56 dpp) and used for Northern blot analysis of expression of ZP1 mRNA (Fig. 6A) . The level of expression of ZP1 was maximal at 42 dpp when the ovary was filled with primary and secondary follicles. The Northern blots were stripped and reprobed for EF-1␣ [15] . Consistent levels of EF-1␣ (Fig. 6B) as well as patterns of 28 and 18S RNA from ethidium-stained gels (data not shown) indicated even loading, electrophoresis, and transfer of RNA samples.
The relative amount of ZP1 mRNA was normalized to EF-1␣ and the results from three blots using three different samples of RNA from each age were used to calculate the mean Ϯ SEM. These results were graphed relative to peak levels of expression at 42 dpp (Fig. 7A) . In order to correlate the level of ovarian ZP1 expression to the population of developing follicles, the number of follicles at different stages of early follicular development in ovaries from rabbits at the four different ages were counted in a defined area (Fig. 7B) . At 14 dpp, primordial follicles were the only stage present and ZP1 mRNA was weakly detectable by Northern blot analysis. Primary follicles appeared by 28 dpp and ZP1 mRNA expression had risen to approximately 40% of maximum expression at 42 dpp. At 42 dpp, the percentage of primary follicles in the ovary and the level of ZP1 mRNA expression reached peak values. The 56-dpp ovary was composed of primary, secondary, and tertiary follicles and the level of expression of ZP1 mRNA dropped to approximately 45% of maximum expression at 42 dpp. The rise in ZP1 mRNA expression correlated to the time when the first group of follicles initiated folliculogenesis and passed through the early stages of development. 
DISCUSSION
ZP1 protein and mRNA are first expressed in oocytes of primordial follicles that have begun to grow and are transiently expressed in the differentiating granulosa cells of the primary and early secondary follicles. This spatio-temporal pattern of expression for ZP1 indicates that transcription of this gene is initiated in the oocyte of primordial follicles during the onset of folliculogenesis. These results confirm that rabbit granulosa cells contribute to synthesis of the ZP matrix and demonstrate that expression of ZP1 is associated with activation of development in dormant primordial follicles.
The initiation of follicular development remains a poorly understood aspect of ovarian biology partly because there has been a lack of quantifiable indicators of initiation. Traditionally, this process has been assessed by morphological changes such as enlargement of the oocyte and transition of the squamous granulosa cells to cuboidal cells. Morphological criteria have been used to describe and evaluate initiation of follicle growth in mouse ovaries [18, 19] . Recently, the functions of the kit ligand in early stages of folliculogenesis were determined on the basis of the morphological classification of preantral follicles [20] . Morphological staging has been used to characterize early stages of folliculogenesis in other species such as pigs, humans, rats, cows, and hamsters [21] [22] [23] [24] [25] [26] [27] .
The onset of proliferation in granulosa cells has been established as another method to determine whether primordial follicles have initiated folliculogenesis. Granulosa cell proliferation typically has been measured by [ 3 H]thymidine incorporation into dividing cells, as in rhesus monkey ovaries [28] and cultured hamster preantral follicles [29] . This method was also used to measure the onset of folliculogenesis in rat ovaries, demonstrating that proliferation in granulosa cells of primordial follicles begins at a very slow rate [30] . Expression of proliferating cell nuclear antigen (PCNA) has been shown to be associated with activation of follicle growth in rat ovaries [31] . Recently, a combination of morphology and PCNA expression was used to describe the growth of small follicles in sheep ovaries [32] .
Whereas morphological classification and measurement of proliferation in granulosa cells are still useful indicators of initiation of folliculogenesis, evaluation of early follicle development needs to include other aspects of differentiation in granulosa cells and development of oocytes. As work progresses in this area, genes that are initially transcribed during the onset of folliculogenesis are being identified. Growth/differentiation factor-9 (GDF9) is expressed only in oocytes of primary follicles, indicating that transcription of this gene is initiated during the onset of folliculogenesis [33] [34] [35] . This growth factor appears to be important in early stages of folliculogenesis because follicles do not progress past the primary stage of development in mice that lack GDF9 [36] . Those results indicate that GDF9 is a useful and functionally important molecular marker for initiation of follicular development.
The ZP genes are also excellent candidates for molecular markers for initiation of follicular development because their synthesis occurs during early stages of follicular development [1, 10] . As the full complement of mouse ZP genes were cloned and characterized, their expression was shown to be specific to growing follicles [3] . The specific developmental expression of ZP genes in mouse follicles involves shared regulatory elements in the 5Ј-promoter region [37, 38] and specific transcription factors such as Factor in the Germline ␣ (FIG␣) [39, 40] . Characterization of ZP genes from other species has confirmed their developmental regulation and specificity to early stages of follicular development [41] [42] [43] [44] . Those results are consistent with transcription of ZP genes being initiated during the onset of follicular development.
The results presented here verify that same pattern of specific ZP gene expression as rabbit ZP1. The delayed pattern of rabbit ovarian development allowed us to carefully evaluate the first cohort of follicles beginning to develop in the prepubertal animal. The expression of ZP1 in a limited number of primordial follicles at 2 wk of age suggests that ZP1 expression is evident before morphological changes appear in activated primordial follicles. Furthermore, the enhanced expression of ZP1 in intermediate and primary follicles is consistent with the transcriptional regulation of the ZP1 gene being associated with initiation of folliculogenesis. In addition, the localization of primordial and primary follicles that express ZP1 at the corticomedullary junction indicates that these follicles are part of the first cohort of activated follicles that will develop during the prepubertal period. Previous research has shown that follicles in the initial stages of development typically appear to the medullary side of the cortical population of primordial follicles [45] .
There has been a longstanding controversy over the site of ZP synthesis. The oocyte has been established as the sole source of ZP synthesis in the well-characterized mouse model [3] . Mouse ZP1 is expressed in oocytes as they begin to grow, but is undetectable in granulosa cells. It has also been shown that a germ cell-specific transcription factor, FIG␣, can bind the promoter region of all three mouse ZPs and transactivate reporter gene constructs in vitro [40] . The ZP3 promoter has also been used to direct expression of non-ZP proteins specifically to mouse oocytes in transgenic animals [46] . In addition, the oocyte has been reported as the source of ZP in rat and hamster ovaries [43, 47] ; therefore, oocytes appear to be the sole source of ZP synthesis in mice, rats, and hamsters.
In contrast to those reports, evidence in many other species indicates that granulosa cells may also contribute to ZP synthesis. Previous studies demonstrated localization of the ZP1 protein in both oocytes and granulosa cells and expression of ZP1 mRNA and protein by cultured granulosa cells from immature rabbit preantral follicles [10] . The present study extends those results, demonstrating that ZP1 mRNA is transiently expressed in granulosa cells of early preantral follicles in vivo. Although ZP1 mRNA is present in granulosa cells, the signal intensity is much less than that in the oocyte. This raises the question of whether the level of granulosa cell contribution is physiologically significant. Even though the amount of ZP1 synthesized in granulosa cells is quantitatively less, it is possible that specific layering of the ZP proteins from the oocyte and granulosa cell may be critical in structural assembly of the mature matrix [1] . Alternatively, granulosa cell production of ZP proteins could be a retained evolutionary trait from a time when granulosa cells played a different role in synthesis of the extraoocytic matrices [48] .
Evidence in other species also suggests that granulosa cells contribute to synthesis of the ZP matrix. ZP3 proteins were localized in granulosa cells of humans, rhesus monkeys, and rabbits using monoclonal and polyclonal antibodies to human ZP3 [9] . The mRNAs for all three ZP genes were reported to be detected in rat granulosa cells but were dismissed as possible background staining [43] . Porcine ZP3␣ protein and mRNA have been localized in granulosa cells of growing follicles [11, 41] . In addition, ZP3␣ and ZP3␤ proteins were localized in oocytes and granulosa cells of growing follicles in bovine ovaries [42, 49] . Those reports, together with this study, demonstrate synthesis of at least some ZP components in granulosa cells of several nonrodent species.
In summary, expression of rabbit ZP1 is associated with initiation of development in oocytes of primordial follicles and early oocyte growth. This indicates that transcription of the ZP1 gene is an early molecular event that follows activation of follicular development. Transient expression of ZP1 mRNA and protein in granulosa cells of primary and secondary follicles confirms that these cells contribute, at least partially, to synthesis and assembly of the rabbit ZP matrix. Therefore, expression of rabbit ZP1 provides a molecular marker for initiation of follicular development and can be used in future studies to measure initiation of folliculogenesis.
